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Abstract

Background: Before integrating prostate-specific membrane antigen (PSMA) positron
emission tomography/computed tomography (PET/CT) into routine care, it is important
to assess if the benefits justify the differences in resource use.
Objective: To determine the cost-effectiveness of PSMA-PET/CT when compared with
conventional imaging.
Design, setting, and participants: A cost-effectiveness analysis was developed using
data from the proPSMA study. proPSMA included patients with high-risk prostate cancer
assigned to conventional imaging or 68Ga-PSMA-11 PET/CT with planned health eco-
nomics data collected. The cost-effectiveness analysis was conducted from an Australian
societal perspective.
Intervention: 68Ga-PSMA-11 PET/CT compared with conventional imaging (CT and bone
scan).
Outcome measurements and statistical analysis: The primary outcome from proPSMA
was diagnostic accuracy (nodal and distant metastases). This informed a decision tree
analysis of the cost per accurate diagnosis.
Results and limitations: The estimated cost per scan for PSMA PET/CT was AUD$1203,
which was less than the conventional imaging cost at AUD$1412. PSMA PET/CT was thus
dominant, having both better accuracy and a lower cost. This resulted in a cost of AUD
$959 saved per additional accurate detection of nodal disease, and AUD$1412 saved for
additional accurate detection of distant metastases. The results were most sensitive to
variations in the number of men scanned for each 68Ga-PSMA-11 production run.
Subsequent research is required to assess the long-term costs and benefits of PSMA
PET/CT-directed care.
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Conclusions: PSMA PET/CT has lower direct comparative costs and greater accuracy
compared to conventional imaging for initial staging of men with high-risk prostate
cancer. This provides a compelling case for adopting PSMA PET/CT into clinical practice.
Patient summary: The proPSMA study demonstrated that prostate-specific membrane
antigen (PSMA) positron emission tomography/computed tomography (PET/CT) better
detects disease that has spread beyond the prostate compared with conventional
imaging. Our analysis shows that PSMA PET/CT is also less costly than conventional
imaging for the detection of disease spread.

This research was presented at the European Association of Nuclear Medicine
Scientific Meeting in October 2020.
© 2020 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Radiolabelled small molecules targeting prostate-specific
membrane antigen (PSMA) with positron emission tomog-
raphy (PET) allow whole-body imaging for detection of
prostate cancer spread [1]. The proPSMA randomised
controlled trial (RCT) recently provided high-level evidence
of superior diagnostic accuracy of PSMA PET/computed
tomography (CT) compared with conventional imaging (CI;
CT of the abdomen/pelvis and bone scanning) for detection
of metastatic disease [2]. It showed that 68Ga-PSMA-11 PET/
CT was more sensitive and specific at detecting pelvic
lymph-node and distant metastatic disease in men with
high-risk prostate cancer who are being considered for
prostatectomy or radiotherapy.

Before integrating PSMA PET/CT into routine care, it is
important to assess whether the additional benefits are
justified by potential differences in the use of resources
required for its implementation. This paper assesses the
costs and outcomes (diagnostic accuracy) associated with
the use of PSMA PET/CT compared with CI in staging men
with high-risk prostate cancer using information collected
as part of the proPSMA study.

2. Patients and methods

The design and conduct of the proPSMA study has been reported
elsewhere [2]. In brief, proPSMA allocated high-risk prostate cancer
patients being considered for prostatectomy or radiotherapy to first-line
imaging with PSMA PET/CT or CI. The primary outcome was diagnostic
accuracy using a predefined criterion encompassing histopathology,
temporal changes in imaging, and biochemistry determined at the 6-
month patient follow-up visit.

The population in the proPSMA study and subsequent economic
analysis was high-risk prostate cancer patients, defined by PSA � 20 ng/
ml or International Society of Urological Pathology grade group 3–5 or
clinical stage � T3.

All sites participating in proPSMA were prospectively surveyed to
provide information on 68Ga-PSMA production, including whether
purchased or manufactured in-house (Supplementary Table 1). For in-
house manufacture, details were collected on specific consumables
(including the gallium generator and cartridges or kit), equipment items
(including the automated synthesis unit and high-performance liquid
chromatography system), staff time for production and quality assurance
(QA), and the dose (MBq) of radiopharmaceutical manufactured per
production run.
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A microcosting approach was applied using pricing information
provided by one site to derive the cost for 68Ga-PSMA production and the
associated PET/CT scan, following the method of Segard et al [3]
(Supplementary Table 2). The impact on the costs of variability in
radiopharmaceutical generator prices, wages applied to time inputs, and
the number of scans per 68Ga-PSMA elution was tested in subsequent
sensitivity analyses.

The costs and effects of using PSMA PET/CT compared with CI as
observed in proPSMA were described using a decision tree (Fig. 1).
Outcomes for the analysis were expressed in terms of accurate diagnoses
(at 6 mo); this was the incremental difference in the probability-adjusted
true positives minus the false negatives, with the probabilities and
associated measures of accuracy derived from proPSMA (Table 1). The
decision tree took into account the accuracy of the two imaging
approaches with respect to pelvic lymph node (nodal) and distant
metastases.

Costs were those associated with the production and delivery of both
scanning modalities. Costs for PSMA PET/CT were as described above,
while those for CI were informed by proscribed fees from the Australian
Medicare Benefits Schedule [4] for CT and bone scans. Information on the
time required for scan delivery was collected as part of proPSMA,
capturing the length of time from administration of the radiopharma-
ceutical to the end of a scan. A societal perspective was adopted,
including the costs to the patient associated with image delivery time,
costed at the Australian average hourly wage for males as a proxy for the
value of time [5].

3. Results

proPSMA showed that PSMA PET/CT was more accurate in
detecting metastatic and nodal disease than CI (Table 1). In
addition, delivery of PSMA PET/CT required an average of
1.5 h per patient, compared with 5.5 h for CI (not including
the time interval between the acquisition of bone scans on
separate days for CT).

Nine sites provided information on the production of 68

Ga-PSMA. Eight sites manufactured 68Ga-PSMA in their on-
site hospital radiopharmacy, with an average yield of
615 MBq of 68Ga-PSMA per production run.

On the basis of an average dose per scan in proPSMA of
164 MBq, it was assumed in the base-case analysis that each
68Ga-PSMA production run would provide a minimum of
two scans (allowing for QA and potential wastage). The
resulting cost per scan was AUD$1140 for PSMA PET/CT and
AUD$1181 for CI. Adopting a societal perspective including
delivery time, the cost per scan increased to AUD$1203 for
PSMA PET/CT and AUD$1412 for CI.
te-specific Membrane Antigen Positron Emission Tomography/
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Fig. 1 – Decision tree l comparing prostate-specific membrane antigen (PSMA) positron emission tomography/computed tomography (PET/CT) with
conventional imaging.
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Combining the cost per scan with the accuracy of
detection, PSMA PET/CT would be dominant, as it is less
costly and more accurate. Focusing on the accuracy of
detection for each metastasis type separately, PSMA PET/CT
was associated with AUD$959 saved per additional accurate
detection of nodal disease compared with CI, and AUD$1412
saved per additional accurate detection of distant metasta-
ses. When weighted by the probability of metastasis
detection as observed in proPSMA, and including the
accuracy of detection for all possible metastatic states,
the dominance of PSMA PET/CT resulted in a cost saving of
AUD$428 per additional accurate diagnosis.

The weighted cost per metastasis detection was sensitive
to the number of patients per elution and the cost
components of both imaging techniques (Fig. 2). Assuming
on one patient per 68Ga-PSMA elution resulted in an
incremental cost per additional case detected for Ga-PSMA
compared with CI of AUD$2553 for nodal disease and AUD
$3758 for metastatic disease, for a weighted cost per
accurate diagnosis of AUD$1138. However, if three patient
Table 1 – proPSMA key results informing the economic evaluation.

68Ga–PSMA PE

Distant metastases
Sensitivity, % (95% confidence interval) 92 (81–100) 

Specificity, % (95% confidence interval) 99 (98–100) 

Nodal metastases
Sensitivity, % (95% confidence interval) 83 (70–95) 

Specificity, % (95% confidence interval) 99 (97–100) 

Scan duration (h) 1.51 

CT = computed tomography; PET = positron emission tomography; PSMA = prostat
a The scan time for conventional imaging includes 47 min for acquisition of a bo
scan.
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doses were obtained per elution, AUD$950 would be saved
for an additional accurate diagnosis.

4. Discussion

This is the first economic evaluation to directly use data
from a large RCT that demonstrated the superior accuracy of
PSMA PET/CT in this setting. Our analysis indicates that
PSMA PET/CT is dominant to CI in the short-term for staging
men with high-risk disease, as it has greater diagnostic
accuracy and is cheaper than CI.

Altering the detection of metastatic disease has implica-
tions for the downstream treatment of prostate cancer in
terms of both health care service use and the impact on
quality of life [6]. More accurate diagnosis of metastatic
disease through the use of PSMA PET/CT is likely to result in
more men receiving appropriate treatment for metastases,
and thus not incurring the costs, lower survival, or poorer
quality of life associated with an incorrect diagnosis. This is
an important implication of this analysis that will require
T/CT (n = 145) Conventional imaging (n = 150)

54 (34–74)
93 (88–97)

23 (10–35)
96 (93–100)
5.52a

e–specific membrane antigen.
ne scan with single–photon emission CT/CT and 15 min for acquisition of a CT

te-specific Membrane Antigen Positron Emission Tomography/
: An Analysis Informed by the proPSMA Trial. Eur Urol (2020),

https://doi.org/10.1016/j.eururo.2020.11.043


Fig. 2 – Tornado plot of deterministic sensitivity analysis. Black bars represent the variation in cost per additional accurate case detected using the
minimum range. A variation towards the left-hand side of the graph favours PSMA positron emission tomography/computed tomography.
CI = conventional imaging; DM = distant metastasis; PSMA = prostate-specific membrane antigen.
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revisiting as the implementation of PSMA PET/CT scanning,
and its implications for the management of men with
prostate cancer, continues to be monitored.

There have been other analyses of the potential cost-
effectiveness of PSMA PET/CT [7,8]. These studies were in
different clinical settings, such as men who had castrate-
resistant disease [8] or postretroperitoneal lymph node
dissection [7]. Scholte et al [7] focused exclusively on men
with existing nodal disease, while the balance of nodal and
distant metastases in the population in the study by Gordon
et al [8] was not reported. Our analysis shows superiority of
PSMA PET/CT over CI in the detection of both nodal and
distant metastases. Similarly, PSMA PET/CT accuracy in
those papers was based on assumptions from the literature
or small case series. A similar cohort-based analysis
considered the cost implications of shifting between the
use of 11C-choline PET/CT or CI and PSMA PET/CT and found
that if each additional PSMA PET/CT procedure added US
$1466 or US$4312, respectively, the procedure would be
considered cost-effective [9].

Our analysis differed in that key inputs were defined
prospectively at the commencement of proPSMA [10],
allowing us to reflect resource use within the study.
Importantly, this included aspects of producing PSMA
radiotracers that have been cited as being important
contributors to cross-organisation and jurisdictional differ-
ences in the costs of providing such scans [11,12]. Our data
collection included the patient impact of differences in the
time required to administer the required tracers and to
acquire scans. This demonstrated a significant difference in
favour of PSMA PET/CT, even when the costs of attending
hospital on separate days for acquisition of CT and bone
scans were not considered.

The sensitivity analysis showed that the weighted cost
per metastasis detection for 68Ga-PSMA PET/CT was
sensitive to the number of patients per elution. On the
basis of the yields obtained per synthesis, between two and
three patient doses could be regularly obtained. Clinical
demand for PSMA PET/CT is likely to be high given the
Please cite this article in press as: de Feria Cardet RE, et al. Is Prosta
Computed Tomography Imaging Cost-effective in Prostate Cancer
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known incidence of prostate cancer, and our assumption of
more than one patient dose per elution is therefore
clinically applicable [11] and supports the dominance of
PSMA PET/CT over CI.

The health resources identified are based on the
proPSMA study and hence reflect the Australian clinical
and institutional setting. Here, as in many European
countries, gallium-68 generators can be used on site to
produce the PSMA radioisotope [13,14]. By contrast, the USA
has a centralised market for radiotracers, which may lead to
differences in the use of resources and costs [15]. Our results
were sensitive to the efficiency of the generator and
associated costs, suggesting they may be generalisable to
European countries with local on-site production that may
reflect similar production efficiencies.

4.1. Limitations

Our costings are specific to the use of 68Ga-PSMA-11
largely manufactured on site in hospital radiopharmacies.
Further research is needed to confirm whether our results
apply in other settings or indeed how the cost-effective-
ness of PSMA PET/CT might alter in response to the
radiopharmaceutical utilised [11]. Several other proprie-
tary PSMA-targeting radiopharmaceuticals have been
adopted clinically, including 18F-DCFPyL and 18F-PSMA-
1007. These have potential for large-scale production and
distribution, which could further reduce costs. The costs
related to the proprietary nature of these ligands and
production in compliance with good manufacturing
practice, however, could alter this benefit. Although
there are relatively minor differences, the largest volume
of literature and experience is for 68Ga-PSMA-11, and
more data are required to confirm the performance of 18F-
labelled ligands. Advances with 68Ga-PSMA-11 include
kit-based production to increase efficiency [16] and
cyclotron 68Ga production that allows large-scale pro-
duction analogous to 18F [17]. Finally, it is important that
subsequent research places the superiority of PSMA PET/
te-specific Membrane Antigen Positron Emission Tomography/
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CT for disease staging in context for the longer-term costs
and outcomes of prostate cancer treatment.

5. Conclusions

PSMA PET/CT is dominant, with both lower direct compar-
ative costs and greater accuracy when compared with CI for
the detection of metastatic disease in men with high-risk
prostate cancer. Combined with the other findings from
proPSMA for patient management change, lower radiation
exposure, and fewer equivocal findings, a compelling case
can be made for adopting PSMA PET/CT.
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